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of our knowledge, however, little information is avail-
able to permit the surgeon to predict the exact site of the
septal perforating arteries to avoid damaging them. In
the normal heart the perforating arteries arise from the 2
major epicardial arteries that delimit the location of the
muscular ventricular septum.1-3 These are the so-called
anterior and posterior descending arteries, although in
reality their interrelationships are more accurately
described as superior and inferior. In hearts with 1 dom-
inant and 1 incomplete and hypoplastic ventricle, the
comparable epicardial arteries are better described as
“delimiting” arteries. The superior perforating septal
arteries, which arise from the superior interventricular or
delimiting arteries, are significantly larger than their
inferior counterparts. Despite the studies that established
the origin and distribution of these septal perforating
arteries,1-3 no accurate method has been proposed to per-
mit the surgeon to predict their location when working
in the operating room. Similarly, little is known about
The perforating arteries that nourish the ventricularseptum and the atrioventricular conduction tissues
are placed at risk during operations that involve inci-
sions in the region of the normal ventricular septum or
in its immediate vicinity in the outflow tract of the right
ventricle.1 Such incisions involving the outflow tracts
are now an integral part of many surgical procedures
used in the repair of congenital heart defects. To the best
Background: Many cardiac operations involve incisions and sutures on or
near the ventricular septum. These jeopardize the septal perforating arteries.
Our aim was to provide guidelines for the surgeon to predict the site of these
vessels.
Methods and results: We dissected 50 hearts. In 16 of these we also conduct-
ed histologic examination of the area of the septum containing the atrioven-
tricular node, the penetrating bundle (of His), and the branching atrioven-
tricular bundle to elucidate the source of the vascular supply to these
structures. The major perforating septal arteries arise from the superior
interventricular artery or, in hearts with a rudimentary right ventricle, from
the superior delimiting artery. The first is usually the largest. The location of
this artery can be predicted relative to the position of the medial papillary
muscle. In abnormal hearts, holes within the ventricular septum in the pres-
ence of a well-developed muscular outlet septum were found to deviate the
path of the septal perforating arteries in a predictable manner. The triangular
area bordered by the margin of the ventricular septal defect, the muscular
outlet septum, and the medial papillary muscle is free of major perforating
arteries. The histologic studies showed that the conduction tissues at the base
of the ventricles tend to receive their blood supply from arteries arising from
the inferior interventricular artery, except in double-inlet left ventricle, in
which the arterial supply is from the right-sided delimiting artery.
Conclusion: The location of the first superior septal perforating artery is pre-
dictable in many cases. Its course leaves a triangular area on the muscular
ventricular septum that is free of major arteries. (J Thorac Cardiovasc Surg
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their disposition in the malformed heart,4 despite the
potential for damage in operations such as the Ross pro-
cedure, correction of tetralogy of Fallot, resection of
obstructive muscular subaortic stenosis, and enlarge-
ment of restrictive ventricular septal defects (VSDs) in
settings such as double-outlet right ventricle, double-
inlet left ventricle, and tricuspid atresia. Nonetheless,
damage to these vessels can result in myocardial dam-
age and arrhythmias.1 In this study, therefore, we sought
to establish landmarks to permit the prediction of the
precise origin and distribution of the septal perforating
arteries in normal and congenitally malformed hearts.
Fig 1. A, The course of the first septal perforating artery is displayed after removal of the pulmonary trunk and the
subpulmonary infundibulum. The artery branches into three (arrows). The main branch (large arrow) passes toward
the medial papillary muscle (M) and the other 2 pass into the septomarginal trabeculation. B, Three septal perfo-
rating arteries (small arrows) arising from the superior interventricular artery (large arrow) are shown in this dis-
section. The first septal artery courses close to the aortic root (dotted line). C, The right ventricular outflow tract is
opened and displayed to show the proximity of the first septal perforating artery (small arrow) and its origin (large
arrow) relative to the leaflets of the pulmonary valve. The anterior limb of the septomarginal trabeculation (SMT)
has been removed. Double arrows indicate the “septal” component of the ventriculoinfundibular fold that, togeth-
er with the subpulmonary infundibulum, forms the supraventricular crest. 1, 2, and 3 are fibrous interleaflet trian-
gles. 2 is the triangle adjacent to (or facing) the aortic valve.
Methods
We studied 50 hearts, specifically 9 normal hearts, 10 with
tetralogy of Fallot, 7 with double-outlet right ventricle and
subaortic VSDs, 6 with double-outlet right ventricle and sub-
pulmonary VSDs, 6 with double-inlet left ventricle, 6 with
tricuspid atresia, and 6 hearts with an “isolated” VSD. The
hearts were dissected to display the origin and course of the
septal perforating arteries, with magnification of 2.5× or 3.5×
depending on the size of the hearts.
We recorded the number of superior septal perforating
arteries, the relationship between the first septal and the first
diagonal arteries, and the relationship between the first septal
artery and the freestanding infundibular structures, which are
freestanding muscular sleeves that arise from ventricular
musculature and support the leaflets of the arterial valves (Fig
1). Such infundibula can be bilateral, as typically seen in dou-
ble-outlet right ventricle, subpulmonary, as in the normal
heart, or subaortic, as typically seen in complete transposi-
tion. Because of their proximity to the muscular ventricular
septum, incisions made in the infundibulum represent a
potential danger to the septal structures and hence to the per-
forating arteries. We studied, therefore, the distance between
the first septal perforating artery and the freestanding
infundibular sleeves.
The superior septal perforating arteries were located by dis-
secting the ventricular septum from its right ventricular
aspect. The muscle fibers were gently stripped away until the
arteries became visible. The depth of the vessel was then
measured perpendicularly with respect to the right ventricular
endocardium. The arteries were followed sufficiently far to
determine their relationship with respect to 3 easily identifi-
able structures, namely the crest of the muscular ventricular
septum, the muscular outlet septum, and the medial papillary
muscle. The muscular outlet septum is the musculature that
interposes between the subarterial outflow tracts. In the nor-
mal heart it is not possible with any certainty to distinguish
such a discrete muscular outlet septum from the remainder of
the muscular septum and the freestanding subpulmonary
infundibulum. In congenitally malformed hearts, in contrast,
the outlet septum can be substantial and is readily distin-
guished from both the remainder of the muscular ventricular
septum and the other infundibular structures.
In addition to dissecting the superior perforating arteries,
we also excised for additional histologic studies that part of
the septal tissues estimated to contain the atrioventricular
node, the bundle of His, and the branching atrioventricular
bundle. For this purpose we studied 3 normal hearts, 3 hearts
with an isolated VSD, 3 with tetralogy of Fallot, 3 with dou-
ble-outlet right ventricle, 2 with double-inlet left ventricle,
and 2 with tricuspid atresia. Serial histologic sections were
made parallel to the diaphragmatic surface of the heart. The
sections were cut at 10-µm thickness and were stained with
Masson trichrome. Initially, every 50th section was examined
to identify both the conduction tissues and the arteries sup-
plying them. The arteries were then “traced” in both direc-
tions, that is, toward the superior and the inferior aspects of
the heart to establish their origin. Occasionally it was neces-
sary to look at every 10th section to trace smaller arteries.
Results
The ventricular septum received its blood from the
septal perforating arteries. These are branches of the 2
arteries that delimit the septum, namely the superior
and inferior interventricular arteries in hearts with 2
well-formed ventricles and the delimiting arteries in
those with 1 dominant and 1 incomplete and hypoplas-
tic ventricle. The septal perforating arteries varied in
size and number and arose at varying points along the
2 “parent” arteries. They traveled within the septum
close to the right ventricular endocardium. Those aris-
ing superiorly were much larger and more numerous.
Those arising inferiorly were usually not more than
small twigs, except in hearts with double-inlet left ven-
tricle, in which they were noticeably larger but still
smaller than their superior counterparts.
The number of septal arteries arising from the supe-
rior interventricular or from the superior delimiting
arteries ranged from 1 to 10, with an average of 4.2.
They varied markedly in size; many of them were no
more than small twigs. Taking account of only the large
septal arteries, the number varied from 1 to 4, with an
average of 1.7. Large septal arteries have been previ-
ously defined as those with a minimum diameter of 1
mm.3,4 In our series the specimens studied varied great-
ly in size. In the very small specimens the arteries were
proportionately small. Consequently, it was not possi-
ble to apply the same rule to distinguish large septal
arteries in all hearts. Our distinction, therefore, was
subjective based on the relative size of the vessels.
The number of septal branches arising from the infe-
rior interventricular and the inferior delimiting arteries
ranged from 0 to 7, with an average of 2. In 4 hearts
these included the terminal part of the parent artery,
which irrigated the septum as a perforating artery. In 40
hearts these branches were all very small. In 10 hearts,
however, there was at least 1 relatively large septal
branch.
Only for the superior arteries were we able to distin-
guish specific anatomic patterns. The largest superior
septal branches always arose from the more proximal
parts of the arteries as compared with the small branch-
es. In 40 hearts (80%) the largest vessel was either the
first artery alone or the first of a series, all being the
same size. This arrangement was seen in all 9 normal
specimens. In 10 hearts the largest septal vessel was
either the second or the third perforating artery. In these
specimens the first septal artery was “cut short” by a
ventricular septal deficiency.
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The relationship between the first septal and the first
diagonal arteries was very variable; the origin of the
septal artery was from 26 mm proximal to the first
diagonal to 12 mm distal to it. The depth of the first
superior septal artery within the septum, as measured
from the right ventricular aspect, also varied, with a
range from 1 to 13 mm. There was considerable varia-
tion between, as well as within, the hearts.
The relationship of the first superior septal artery
to the infundibulum. In hearts with normal ventricu-
loarterial connections and relations, there was a con-
stant relationship between the first superior septal
artery and the pulmonary valve. After its takeoff from
the superior interventricular artery, the first perforating
artery approached the subpulmonary infundibulum
immediately beneath the leftward of the 2 pulmonary
sinuses adjacent to the aorta. In adult hearts it penetrat-
ed the septum at a level 7 to 9 mm below the nadir of
the hinge of the pulmonary valvular leaflet. The artery
passed into the musculature between this nadir and the
interleaflet triangle between the leftward and nonadja-
cent sinuses, running a few millimeters beneath the
endocardial surface of the right ventricular outflow
tract (Fig 1). This area was related to the anterior limb
of the septomarginal trabeculation.
The arterial pattern in normal hearts. In 8 of the 9
normal hearts the path of all septal arteries was relative-
ly straight, with the first superior artery coursing toward
the base of the medial papillary muscle, which was pres-
ent in all 9 specimens. It then terminated at the base of
the muscle or else became too small to be traced farther
(Fig 1). In 1 of these 8 cases the second septal artery also
gave a large branch that terminated at the base of the
medial papillary muscle. In the remaining 1 normal
Fig 2.  A, This diagram represents the dissection shown in Fig 1, B. When the medial papillary muscle was pres-
ent, the first septal artery tended to pass toward the base of the medial papillary muscle. The origin of the septal
artery corresponds to a perpendicular line (—•) joining the base of the medial papillary muscle to the diaphragmatic
surface. In the absence of a medial papillary muscle, the first septal artery takes a more oblique course (single bro-
ken line). B, The septal artery cannot be traced beyond the anterosuperior rim of the VSD. C, The path of the sep-
tal artery is deviated by the septal insertion of the outlet septum.
specimen, the course of the first septal artery was also
straight but not toward the base of the medial papillary
muscle. Instead, the vessel traveled obliquely and anteri-
orly but gave rise to a large branch that extended toward
the base of the medial papillary muscle. In all 9 normal
hearts the origin of the first superior septal perforating
artery was perpendicularly above the base of the medial
papillary muscle. Thus, with the heart in an anatomic
position, an imaginary line drawn perpendicular to the
inferior, diaphragmatic surface of the heart that traveled
through the base of the medial papillary muscle crossed
the superior interventricular artery at the site of origin of
its first septal perforating branch (Fig 2). There were no
septal arteries closer to the infundibular structures than
this perpendicular line.
The septal arterial pattern in congenitally mal-
formed hearts. The basic pattern of the perforating
arteries was similar in the congenitally malformed
hearts to that seen in normal hearts, albeit perturbed by
the presence or absence of a medial papillary muscle,
the insertion of the muscular outlet septum onto the
remainder of the muscular ventricular septum, and by
areas of ventricular septal deficiency.
The medial papillary muscle was present in 20 con-
genitally malformed hearts. The first septal artery ter-
minated at its base in 13 of these 20 hearts. In the
remaining 7 hearts the vessel traveled obliquely anteri-
orly but gave rise to a large branch that extended poste-
riorly toward the base of the muscle. In 5 of these 20
hearts the first 2 septal arteries both terminated at the
base of the muscle. Indeed, in 1 heart the first 3 septal
branches behaved in this manner. In the 21 hearts lack-
ing any medial papillary muscle, the septal perforating
arteries extended anteriorly in a more oblique fashion,
and their exact position was less predictable (Fig 2).
There were no distinct landmarks.
It was possible, nonetheless, to observe a perpendic-
ular relationship between the medial papillary muscle
when present and the first septal artery in a manner
comparable with that seen in the normal heart. In 17 of
the 20 malformed hearts in which the muscle was pres-
ent, the origin of the first septal perforating artery was
located perpendicularly above the base of the muscle
(Fig 2, A). This rule, however, was broken in 3 hearts.
In 1 heart with a VSD, the origin of the first septal
artery was 2 mm distal to its predicted site. In 1 heart
with double-outlet right ventricle, it was the second
septal perforating artery that obeyed the rule; the first
artery arose much more proximally and traveled
obliquely in the direction of the apex of the heart with-
out giving any branch to the medial papillary muscle.
In another heart with double-outlet right ventricle, the
first and second septal perforating arteries were both
substantial and arose within 2 mm of each other. The
constructed perpendicular line then passed between the
two. Thus, in 18 of the 20 hearts that possessed a medi-
al papillary muscle, there were no septal arteries closer
to the infundibular structures than the constructed per-
pendicular line.
The septal perforating arteries generally followed a
straight course unless they encountered an obstacle.
Such obstacles could be an area of ventricular septal
deficiency or the insertion of the muscular outlet sep-
tum onto the remainder of the ventricular septum. In all
12 hearts with univentricular connection to a dominant
left ventricle, including all those with double-inlet or
tricuspid atresia, the first septal artery terminated at the
border of the VSD. No vessel was found to deviate and
travel around the defect. In contrast, in all situations in
which the superior septal perforating arteries encoun-
tered the muscular outlet septum, they deviated apical-
ly and skirted around it, never entering the outlet sep-
tum (Fig 2, B and C).
In 11 hearts an area of a ventricular septal deficiency,
the muscular outlet septum, and the medial papillary
muscle were all present (Fig 3). In all these hearts it
was possible to predict the resultant path of the first
septal artery relative to each individual feature. Thus,
the first septal artery took its origin perpendicularly
above the base of the medial papillary muscle. The
artery was then deviated apically by the muscular out-
let septum. Having cleared the outlet septum, the artery
either turned back and terminated at the base of this
muscle (5 cases) or gave rise to a large branch that itself
terminated at the muscle (6 cases). This left a triangu-
lar area on the crest of the muscular ventricular septum
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Fig 3. In the presence of an outlet septum and a VSD the sep-
tal artery passes directly toward the base of the medial papil-
lary muscle (A) or branches (B). There is a small area
(hatched) that is devoid of large arteries.
that was free of major arteries. This triangle is bordered
by the outlet septum, the medial papillary muscle, and
the muscular margin of the VSD (Fig 3). 
Histologic studies. Histologic studies were per-
formed in 16 hearts. In the 2 hearts with double-inlet
left ventricle, the anteriorly located atrioventricular
node, bundle of His, and the atrioventricular bundle
received the entirety of their blood supply from the
delimiting right and superior interventricular coronary
artery. In the other 14 hearts the atrioventricular node
always received its blood supply from the inferior
interventricular artery. The bundle of His and the
branching atrioventricular bundle also received their
blood supply from the inferior interventricular artery in
10 of the 14 hearts. In 3 cases (1 normal, 1 with a VSD,
and 1 with double-outlet right ventricle), the major sup-
ply came from the superior interventricular artery, and
in 1 case with double-outlet right ventricle from both
superior and inferior interventricular arteries.
Discussion
It is now the rule to anticipate excellent results for the
surgical repair of most forms of congenital heart dis-
ease.5-10 If further advances are to be made, they will
depend on small increments produced by the refine-
ment of techniques and procedures. One such attention
to detail could be avoidance of damage to the first
superior septal perforating artery, a complication that is
known to be responsible for some of the problems that
still occur subsequent to intracardiac surgery. These
include ventricular dysfunction, arrhythmias, and sud-
den death.1,6,10-14 Our study has shown that landmarks
do exist to permit the surgeon to determine where in the
septum, if necessary, incisions can be made and where
sutures can be placed without damaging the first septal
perforating artery.
Interest in the blood supply of the ventricular septum
is not new. As long ago as 1958, James and Burch2
studied 43 normal hearts, showing that the muscular
ventricular septum received almost all its blood supply
from the “anterior descending” coronary artery. Further
interest in the vascular supply to the ventricular septum
was then fueled by the evolution of the Ross proce-
dure.1 The major complications of this operation in the
early days were related to ventricular dysfunction and
arrhythmias, themselves reflecting damage to the first
septal perforating artery. The study of Geens and col-
leagues1 confirmed the findings of James and Burch
but provided more detail, showing the close relation-
ship of the first septal perforating artery to the pul-
monary valve. In another study, Melo and colleagues3
studied 30 structurally normal hearts. They showed that
the first septal perforating artery crossed the lower bor-
der of the anterior limb of the septomarginal trabecula-
tion. They also noted for the first time that this vessel
terminates at the base of the medial papillary muscle of
the tricuspid valve. In a later study4 they extended these
findings to hearts with aortic valvular disease and
tetralogy of Fallot.
Our findings endorse the recommendation of Melo
and colleagues,3,4 namely to use the medial papillary
muscle as a landmark for the prediction of the site of
termination of the first septal perforating artery, with
the reservation that occasionally it is not the vessel
itself but its largest branch that terminates there. We
have now shown also that this landmark predicts the
origin of the vessel, which is perpendicularly above the
base of the muscle. In their study Melo and colleagues3
asserted that the first septal artery originated at the
level of the first diagonal artery. In the hearts in our
study, however, the diagonal artery was an unreliable
landmark. When present, the medial papillary muscle
and the constructed line perpendicular through its base
were much better guides to the proximal course of the
first septal artery. Melo and colleagues3,4 advocated the
use of the anterior limb of the septomarginal trabecula-
tion as a landmark for the perforating artery in normal
hearts as well as hearts with aortic valvular disease and
tetralogy of Fallot. We endorse this suggestion. Indeed,
this landmark coincides with the constructed perpen-
dicular line used in this study, although it is not always
easily distinguishable on the endocardial surface and
its size is variable. Because of this, it proved to be a less
accurate guide than our constructed line.
In many congenitally malformed hearts the pattern of
septal arterial supply is disturbed by the presence of a
VSD and by a muscular outlet septum deviated into the
right ventricle. Resection of musculature to relieve sub-
pulmonary stenosis in tetralogy of Fallot can be guided
by the above anatomic landmarks to avoid damage to
the large septal artery. Equally, enlargement of a
restrictive VSD in various malformations can be made
in the musculature between the medial papillary mus-
cle and the outlet septum, bearing in mind the proxim-
ity of the septal artery to the leading margin of the out-
let septum (Fig 2). In the modified Konno procedure
for relief of left ventricular outflow obstruction with
preservation of the aortic valve, access to the left ven-
tricle is gained through an incision in the upper part of
the muscular ventricular septum.15,16 If the septal inci-
sion is made along the length of the septomarginal tra-
beculation, the risk of trauma to the major septal artery
is increased compared with a transverse incision that
runs parallel to our line constructed as the guide to the
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course of the septal artery. It is significant that heart
block developed in the index case in which the modi-
fied Konno procedure was used.15 It seems likely that
this complication was related to trauma to the artery
supplying the bundle of His rather than to direct dam-
age to the conduction tissues.
Our study has its limitations. The dissection and
measurements were done in hearts that had been fixed
in formaldehyde. Although every effort is made to pre-
serve the natural shape of the heart during the fixing
process, the fact remains that the live heart is softer and
its different parts more mobile with respect to each
other. It is possible, therefore, that the alignment of car-
diac structures could be less obvious, or even different,
in the relaxed heart under cardioplegic arrest. The pat-
tern of septal blood supply found in this study, nonethe-
less, was so consistent that it would be difficult to
imagine it being a chance occurrence as a result of the
fixing process.
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